Introduction
In neurosciences, flexible thin-film nerve electrodes are used for recording nerve signals as well as for stimulating the neurons. The devices are not always totally implanted but sometimes get transcutaneously connected to an external acquisition data system. The assembly of connectors to the miniaturized nerve electrodes is always a critical fabrication step. On the one hand the electrodes often show high pin densities, which require precise soldering of small connectors to the pads, and on the other hand a robust connection between the connectors and the thinfilm electrodes is necessary to avoid breakage while connecting and unplugging the electrode device to recording and stimulation equipment. Until now, the electrical connection of polyimide-based electrodes was performed using methods like MicroFlex Interconnection [1, 2] or directly soldering the connector pins to the metal pads embedded in the polyimide substrate [3] . Both demand precise serial treatment of every single connector pin, which is very time-consuming and the miniaturization depends on operator skills. We have optimized and parallelized the assembly technique to electrically connect polyimide-based nerve electrodes. The devices are now more robust during handling and the total interconnect width is reduced compared to previous designs.
Methods
A HTCC-substrate (High Temperature Co-fired Ceramicsubstrate) was laser-structured with through-holes, whose pitches and diameters were adjusted to those of the connectors (Nano Omnetics connectors (NPD series), Omnetics Connector Corp., Minneapolis, MN, USA). The pins of the connectors were embedded in the substrate with solder, whereby a mechanical and electrical connection was generated. Grinding the ceramic ensured a flat substrate surface with isolated metal pads. The conjunction of the ceramics and the connecters formed a robust adaptor to which the polyimide-based electrode could get connected by soldering. The polyimide around the contact pads acted as good solder stop, preventing shortcuts. Production of the ceramic adapters is based on the technology described in [4] : An Al 2 O 3 tape (HTCC 44000 by ESL Europe, Reading, England) was laser-structured with a Nd:YAG-Laser (λ = 1064 nm, CAB GmbH, Karlsruhe, Germany). Two layers of the HTCC green alumina tapes (tape thickness of 200 µm) were laminated with a pressure of 27 MPa at 70°C to achieve an adequate ceramic thickness. The substrate design was created with a CADsoftware. Perimeters, solder pads and through-holes were arranged in a way to match the dimensions of the Omnetics connectors. Thereby a sinter shrinkage of 16.7 % was considered. Laser structuring was performed using different parameters for pads, through-holes and perimeters. While the perimeters and through-holes completely penetrated the Al 2 O 3 tape, the pads, concentrically to the through-holes, only penetrate half of the tape, forming round gaps (see Figure 1 a) . Once the green bodies were lasered, they were sintered at 1500°C to a 96 % Al 2 O 3 ceramic. Pt/Au paste (5837-G, ESL Europe) was applied with a squeegee to the substrate, filling the pad gaps. To prevent the through-holes of being filled with paste, they were exposed to vacuum. The paste was fired at 1000°C. Overlapping metallisation was removed by grinding the ceramic substrate to ensure insulation of the pad gaps. The Omnetics connectors were plugged in the through-holes (see left connector of Figure  1 b) . The pins were manually trimmed to the substrates thickness and then soldered to it with solder (see right connector of Figure 1 b) . The substrate was again grinded to get rid of the overlapping solder and connector pins and to obtain a flat substrate surface with isolated metal pads (Figure 1 c) . The polyimide-based electrodes were fabricated like described in [5] . They were aligned to the pads of the ceramic substrate under a light microscope. The connection of the adapter to the thin-film electrode could be performed by simply moving the solder-iron with solder over the connector pads. The polyimide thereby acted as good solder stop. For additional stabilisation of the interfaces between Omnetics connectors and substrate as well as polyimide-based electrode and substrate and to isolate the solder pins, the adapter was finally sealed with epoxy. Figure 1 d shows a completely assembled polyimide-based electrode. 
Results
Five adapters with a ceramic thickness of 330 µm and two Omnetics connectors with 44 pins each and pitches of 635 µm were fabricated. A polyimide-based thin-film electrode was soldered to each of the adaptors. The electrodes were characterized electrochemically to functionally prove a stable electrical connection between the Omnetics plugs and the electrode sites. Even after multiple plugging of mating plugs over a year the connection was not affected at all. Apart of the reliable electrical connection the adapter enabled good handling of the 10 µm thin flexible electrode devices.
Discussion
The ceramic adapter offers a new possibility of assembling flexible thin-film electrodes. The possibility of quasi simultaneously soldering the connector pads makes the assembly uncomplicated and time-saving. Plugging and unplugging Omnetics connectors require relatively high forces in comparison to the small connector dimensions. The ceramic substrate, however, offers a stable connection of the flexible thin-film electrodes to the connectors. This allows testing of the electrical connection, i.e. plugging mating connectors, even before the devices are sealed with epoxy. Eventually, failed solder joints can be detected and re-soldered to increase the yield of the device.
The design of the ceramics is adjustable to very different connectors and thin-film devices. Furthermore it is possible to integrate circuit paths in the ceramics and to structure it on both sides. This makes the application field very expansible. In near future, it is planned to realize a modular assembly of an ECoG (electrocorticography) electrode (Figure 2 ). Thanks to the ceramic adapter it is possible to minimize the width of the cable by stacking various polyimide-based electrodes. Depending on the application, it is not obligatory to use HTCC-technology. LTCC-technology (Low Temperature Co-fired Ceramic-technology) might work as well and could make the fabrication of the ceramic substrates more cost-and time-saving.
